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FOLIAR NITROGEN AND PHOSPHORUS RESORPTION IN AN UNDISTURBED  
AND Pinus Pinaster AIT. PLANTED FORESTS IN NORTHERN TURKEY
Hakan Yilmaz1, Hamdi Güray KutbaY1, Dudu Duygu Kilic2 & Burak Surmen3
RéSUmé. — résorption foliaire de l’azote et du phosphore dans une forêt non perturbée et dans une 
forêt plantée de Pinus pinaster ait. dans le nord de la turquie. — La résorption foliaire est étroitement liée 
à la sénescence et à la conservation des nutriments et protège la plante dans sa dépendance des apports du 
sol. Dans la présente étude, ont été étudiées dans le nord-est de la Turquie la dynamique foliaire de l’azote 
(N) et du phosphore (P), l’efficacité (RE) et la profitabilité (RP) de la résorption foliaire de quelques plantes 
décidues existant dans une forêt non perturbée et dans une autre plantée en Pinus pinaster Ait. En forêt non 
perturbée, on n’a pas observé de différences entre les espèces pour ce qui concerne l’efficacité et la profitabi-
lité alors qu’en forêt plantée en P. pinaster des différences statistiquement significatives ont été notées entre 
les espèces pour ce qui concerne la NRE, la NRP et la CRE. La CRE est apparue plus élevée que chez les 
angiospermes et graminoïdes ligneux sempervirents présents dans la zone d’étude. La NRE était plus forte 
en forêt non perturbée qu’en forêt plantée en P. pinaster. Dans les deux forêts la résorption foliaire de l’azote 
et du phosphore était biochimiquement complète. Il a été trouvé que la limitation en phosphore se produisait 
dans les plantes décidues des deux forêts au niveau des rapports N/P durant la sénescence foliaire. De même, 
le rapport C/N s’est avéré élevé durant la sénescence. En forêt plantée en P. pinaster le rapport N/P et la NRE 
(tant en masse qu’en surface) sont apparus plus faibles qu’en forêt non perturbée.
SUmmARY. — Foliar resorption is closely associated with leaf senescence and conservation of 
nutrients, and protects the plant dependence on soil supply. In this study, leaf nitrogen (N) and phosphorus 
(P) dynamics, leaf resorption efficiency (RE) and resorption proficiency (RP) in some deciduous plants 
occurring in an undisturbed forest and a Pinus pinaster Ait. planted forest were investigated in northeas-
tern Turkey. There were no significant differences among species with respect to foliar resorption effi-
ciency and proficiency in undisturbed forest, whilst statistically significant differences were found among 
species regarding NRE, NRP and CRE in P. pinaster planted forest. CRE was found to be higher than for 
evergreen woody angiosperms and graminoids present in the study area. NRE was higher in undisturbed 
forest than in P. pinaster planted forest. In both forests foliar nitrogen and phosphorus resorption were 
biochemically complete. It was found that phosphorus limitation occurred in deciduous plants in both 
forests with respect to N/P ratios during leaf senescence. Similarly, C/N ratio was found to be high during 
senescence. In P. pinaster planted forest N/P ratio and NRE (both mass- and area-based) were found to be 
low as compared to undisturbed forest.
Forests and tree plantations are increasingly considered for their central role as provi-
ders of habitat and regulators of global biogeochemical, temperature and water cycles. Forest 
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plantations now account for 5 % of global forest cover. Their status with regard to ecological 
conservation has been less positive, particularly where undisturbed forest has been cleared for 
plantation establishment. Plantations are now commonly considered one part of the manage-
ment ‘‘triad’’ consisting of ecological reserves and managed undisturbed forests (Kelty, 2006).
many forest ecosystems have developed in environments with marginal soils characte-
rized by growth-limiting availability of macronutrients such as nitrogen (N) and phosphorus 
(P) (Rennenberg & Schmidt, 2010). The concentration of foliar nutrients is potentially a use-
ful indicator of the nutritional status of individual trees, stands and plantations (millner & 
Kemp, 2012).
Nutrient resorption prior to leaf senescence is an important mechanism of nutrient conser-
vation in forest tree species (Hager-Thorn et al., 2006). Resorption increases the use of absor-
bed nutrients and reduces plant dependence on soil supply (Pugnaire & Chapin, 1993; Yi-Ming 
et al., 2004). The foliar nutrient concentrations of trees were important parameters to assess 
the nutritional status of forests. Foliar resorption controls nutrient cycling and has important 
implications for plant growth, reproduction and competitive ability at the ecosystem scale and 
at the individual plant level, respectively (Lu et al., 2012).
Foliar resorption has been expressed as foliar resorption efficiency (RE) and resorption 
proficiency (RP). Resorption efficiency is defined as the percentage of a nutrient recovered 
from a senescing leaf (Hoch et al., 2003). RP is the concentration of a nutrient in senesced lea-
ves. In other words, RP is residual nutrient in the senesced leaves. RP is not subject to temporal 
variation in nutrient concentration in green leaves or the timing of sampling. RP may be more 
informative when studying how individuals, populations, and communities can retain their leaf 
nutrients (Blanco et al., 2009; Kilic et al., 2010; Wood et al., 2011).
It has been reported that plantation has affected nutrient cycling and ecosystem pro-
perties (Regina & Tarazona, 2001). The main aim of this study is to compare in terms of 
foliar resorption patterns some deciduous species in an undisturbed Fagus orientalis Lipsky 
forest and a Pinus pinaster Ait. planted forest. Both forests were compared with respect to 
foliar N and P concentrations, foliar RE and RP and nutrient ratios (N/P and C/N) to deter-
mine whether plantation was affected or not on foliar resorption patterns, nutrient ratios and 
nutrient dynamics.
mATERIALS AND mETHODS
STUDY AREA
The study area is located in the north-east of Central Black Sea Region of Turkey ( 41º 03’ 12’’ and 41º 06’ 18’’N 
and 37º 20’ 08’’ and 37º 22’ 00’’ E). The mean annual precipitation (P) in the study area is 1162 mm and summer drought 
is not observed. Mean annual temperature is 14.5 oC. Summer rainfall (PE) is 263.5 mm. Mean maximum for the hottest 
month (M) and mean minimum for the coldest month (m) are 26.9 and 4.3 oC, respectively. Index of xeriticity (S = 
PE/M) is 9.7. Pluviometric quotient (Q) is 178. The precipitation regime is Au.Wi.Su.Sp (Autumn.Winter.Summer.
Spring) and marine first-type of oceanic climate is seen in the study area (Akman, 1990; Korkmaz et al., 2008).
Two different sites were selected. The first site is an undisturbed and even aged intensive forest belonging to 
Euxine phytogeographical region dominated by Fagus orientalist Lipsky (Fagaceae) and at 205 m.a.s.l (Korkmaz et 
al., 2008). The other woody species were Vaccinium arctostaphylos L. (Ericaceae), Populus tremula L. (Salicaceae), 
sorbus torminalis L. (Rosaceae), Quercus hartwissiana Steven. (Fagaceae). Understory species were rubus discolor 
Weithe & Nees, Veronica magna m.A. Fischer, Cirsium pseudopersonata Boiss. & Bal subsp. pseudopersonata and 
Carex pendula Huds. Inclination was about 30-35 %. Parent rock and soil texture were sandstone and sandy clay 
loam, respectively. Mean tree height, size of trees and canopy closure higher as compared to the second site (Tab. I). 
Soil organic matter content was high. Soil P concentration was rather low (Turkish Ministry of Forest and Water 
Affairs, 2010).
The second site is a disturbed forest at 250 m.a.s.l. This forest includes the same species and Pinus pinaster Ait. 
(coastal or dune pine; Pinaceae) plantation was applied there in 1985 (henceforth it will be called “P. pinaster planted 
forest”). Understory species were smilax excelsa L., Cirsium pseudopersonata Boiss. & Bal subsp. pseudopersonata, 
Carex pendula Huds. and Pteridium aquilinum (L.) Kuhn.
Undisturbed and P. pinaster planted forests were only significantly different with respect to soil N concentrations 
(Tab. I).
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TABLE I
General properties of undisturbed and P. pinaster planted forests
Undisturbed P.pinaster planted
mean mean F- Value Sig.
mean tree height (m) 16.77 ± 6.85 13.32 ± 2.40 0.906 0.359 NS
Mean number of trees per ha-1 712.57 ± 109.08 490.01 ± 78.87 2.315 0.159 NS
Size of trees (dbh cm) 25.44 ± 10.39 17.78 ± 3.77 2.006 0.180 NS
Canopy closure (%) 60.24 ± 3.97 49.77 ± 3.67 3.621 0.086 NS
Soil pH 6.19 ± 0.18 6.28 ± 0.14 0.153 0.716 NS
Sand content (%) 43.79 ± 2.14 43.90 ± 1.27 0.002 0.966 NS
Clay content (%) 24.97 ± 2.38 30.31 ± 1.64 3.401 0.139 NS
Silt content (%) 31.24 ± 0.73 25.79 ± 2.85 3.422 0.138 NS
Organic Matter (%) 3.49 ± 0.25 4.00 ± 0.60 0.629 0.472 NS
Soil total N (%) 0.19 ± 0.01 0.13 ± 0.02 10.618 0.031 *
Soil C/N ratio 15.62 ± 2.54 12.32 ± 1.41 1.920 0.238 NS
Soil available phosphorus (ppm) 4.40 ± 0.20 4.00 ± 0.10 0.314 0.605 NS
*P<0.05 NS: Not significant. df: Degrees of freedom.
We selected two different plots (625 m2) from each site and at least ten individuals of each species were found in 
these plots. At least seven individuals were selected for each species in each sampling period (from April to December). 
Individuals were selected ≥ 2.5 m. from the stems of neighbouring canopy trees to avoid potential microsite variation 
(Boerner & Koslowsky, 1989). Van Heerwaarden et al. (2003) suggested pre-selection of leaves in order to minimize 
the risk of comparing green and senescent leaves of different cohorts. Seven fully expanded leaves per individual plant 
were marked by tying a small tag to the leaf base. When a leaf or at least two-thirds of its area turned yellow or brown, 
it was considered senesced (Ren et al., 2011; Kilic et al., 2012). August and November leaves were used as “green” and 
“senesced” leaves, respectively.
Leaf samples of both species were scanned and the leaf area was calculated by using Net Cad software (Anonymous, 
1999) and specific leaf area (SLA) was calculated as µg/cm2. Leaf samples of all species were oven dried at 60 oC until 
they reached a constant weight, and then weighed. N and P concentrations per leaf area were used to calculate nutrient 
resorption (Lima et al., 2006; Kilic et al., 2012). Nitrogen, phosphorus and carbon resorption efficiency (NRE, PRE, 
and CRE) (%) was calculated as the percentage of N, P and C recovered from senescing leaves and calculated by using 
a mass loss correction factor (MLCF) suggested by Vergutz et al. (2012). MLCF is defined as the ratio of dry mass of 
senesced leaves to the dry mass of green leaves (van Heerwaarden et al., 2003): 
Nutrient resorption
Nutrient in senescent leaves
N
= −1
utrient in green leaves
MLCF



 × 100
RE and RE % values was calculated both mass- (mg.g-1) and area- (g.dm2) based.
RP is defined as the level to which a nutrient is reduced in a senescing leaf or in short as the concentration of a 
nutrient in senesced leaves (Killingbeck, 1996; Hoch et al., 2003). As for RE, RP was calculated both mass- and area-
based. RP was not calculated for C because benchmark levels were not presented in literature (Killingbeck, 1996). 
Leaf samples of the studied species were digested in a mixture of nitric and perchloric acids, with the exception 
of samples for N analysis. Nitrogen was determined by the micro Kjeldahl method with a Kjeltec Auto 1030 Analyser 
(Tecator, Sweden) after digesting the samples in concentrated H2SO4 with a selenium catalyst. P was determined with 
the stannous chloride method using a Jenway spectrophotometer (Allen et al., 1986). C content (%) of leaf samples was 
determined by using a LECO SC 144 DR model CS determinator (Allen et al., 1986; Kutbay et al., 2003).
Taxonomic nomenclature for plant species followed that of Brummitt & Powell (1992). 
Soil texture was determined by Bouyoucus hydrometer method. Seven soil samples of 0-30 cm depth were 
collected in each forest using an auger. The soil samples were air dried and then sieved to pass through a 2-mm screen. 
The pH values were measured in deionized water (1:1). Soil nitrogen was determined by the micro Kjeldahl method. 
Soil available phosphorus (g.kg-1) was spectrophotometrically determined by Olsen method following extraction by 
sodium bicarbonate. Organic matter concentration was determined using the Walkley-Black method (Allen et al., 1986). 
STATISTICAL ANALYSES
One-way ANOVA and RmANOVA (Repeated measures of ANOVA) were used to compare the two forests regarding 
leaf traits. Independent variables were the studied species and leaf growth stages (from April to November), while dependent 
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variables were mass- and area-based N and P concentrations, mass- and area-based NRE, PRE, CRE, NRP, PRP, N/P and 
C/N ratios. Tukey’s honestly significant difference (HSD) test was used to rank means. Statistical analyses were carried 
out by using SPSS version 10.0 (SPSS Inc., 1999). Data were tested for normality using the Kolmogorov–Smirnov test.
RESULTS
Significant differences were found in studied species regarding SLA, N and P concentra-
tions and N/P and C/N ratios, respectively in both forests. However, no significant differences 
were found with respect to N/P ratio in V. arctostapyllos and P. tremula, nor in mass-based P 
concentration in F. orientalis in undisturbed forest as well as in N/P ratio in F. orientalis and 
P. tremula in P pinaster planted forest (Tab. II).
N/P ratio was increased in senescent leaves (in November) in both forests. Mean N/P ratio 
was ranged from 9.5 (V. arctostaphyllos) to 52.1 (P. tremula) in undisturbed forest. The lowest 
N/P ratio was found to be namely 8.4 (V. arctostaphyllos and s. torminalis). The highest N/P 
ratio was found in Q. hartwissiana in P. pinaster planted forest. Like N/P ratio, C/N ratio was 
higher in senescent leaves (in November) in all species in both forests. The highest C/N ratio 
was found in F. orientalis (47.9) in P. pinaster planted forest, while the highest N/P ratio was 
found in V. arctostaphyllos (65.9) in undisturbed forest (Tab. II).
In undisturbed forest, F. orientalis had the highest NRE and PRE (both area- and mass-
based). F. orientalis was also the highest N- and P-proficient (area-based) species in undis-
turbed forest. However, V. arctostaphylos and P. tremula were the most N- and P-proficient 
(mass-based) species. In P. pinaster planted forest, F. orientalis had the highest area-based NRE. 
However, the highest mass-based NRE and PRE were found in Q. hartwissiana in P. pinaster 
planted forest. The highest area-based PRE was found in P. tremula in P. pinaster planted forest. 
However, V. arctostaphyllos was found to be the most N- and P-proficient species in P. pinaster 
planted forest. The highest CRE was found in F. orientalis in both forests. However, the lowest 
CRE was found in s. torminalis and P. tremula in P. pinaster planted and undisturbed forest, 
respectively (Tab. III).
Statistically significant differences were found between undisturbed forest and P. pinaster 
planted forest regarding foliar N/P ratio and mass-based NRE. However, no significant diffe-
rences with respect to SLA, mass- and area-based N and P concentrations, area-based NRE, 
CRE, mass- and area-based NRP and PRP between two forests (Tab. IV).
DISCUSSION
The studied species were signicantly different with respect to both mass- and area-based 
N and P concentrations. Millner & Kemp (2012) showed that species differ in ability to accu-
mulate key macronutrients.
PRE was rather high in the studied species in both forests. In undisturbed forest, PRE 
values were above 90, whilst below 90 or close to 90 in P. pinaster planted forest. The maxi-
mum value for PRE has been reported to lie close to 90 % (Pugnaire & Chapin, 1993; Aerts & 
Chapin, 2000; Escudero & Mediavilla, 2003; Hager-Thorn et al., 2006).
PRE was found to be higher as compared to NRE from swamp to lowland tropical rain 
forests (Walbridge, 1991; DeLucia & Schlesinger, 1995; Aerts, 1996; Reed et al., 2012), high 
PRE partly indicating less availability of phosphorus in the ecoystems. (Martinez-Sánchez, 
2005). Leaf P fractions are more readily broken up and reabsorbed than N fractions and the-
refore PRE contributes more than to nutrient use efficiency than NRE (Aerts & Chapin, 2000; 
Covelo et al., 2008; Salazar et al., 2011). 
mcGroddy et al. (2004) suggest that the observed patterns of differences in NRE and PRE 
results from differences in the biochemistry of the two elements. The part of plant N that is 
incorporated in cell walls cannot be reallocated, and this sets a boundary on the N resorption. 
In contrast, most of the P is in forms that can be retranslocated, but at a cost, and P resorption 
will therefore be more flexible (Ågren, 2008).
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TABLE IV
the comparison by one-way anOVa of undisturbed and P. pinaster planted forests with respect to leaf traits and 
foliar resorption
df mean Square F-value P
N (g/dm2) 119 8.592 2.519 0.115 NS
N (mg/g) 119 19.925 1.148 0.286 NS
P (g/dm2) 119 0.001 0.844 0.360 NS
P (mg/g) 119 0.002 1.082 0.300 NS
N/P 119 1 300.214 6.239 0.014 *
C/N 119 8 695.219 1.452 0.231 NS
NRE (g/dm2) 39 2.186 0.007 0.933 NS
NRE (mg/g) 39 3 935.639 10.366 0.003 **
PRE (g/dm2) 39 160.075 0.561 0.458 NS
PRE (mg/g) 39 273.684 2.008 0.165 NS
CRE (mg/g) 39 0.597 0.394 0.083 NS
NRP (g/dm2) 39 0.754 1.826 0.185 NS
NRP (mg/g) 39 0.105 0.043 0.837 NS
PRP (g/dm2) 39 0.002 0.238 0.628 NS
PRP (mg/g) 39 0.002 0.436 0.513 NS
*P<0.05 ** P<0.01 NS: Not significant. df: Degrees of freedom.
N/P ratio also increased during senescence in all species in both forests. Wood et al. 
(2011) suggested that an increase in N/P ratio during senescence indicates higher PRE relative 
to NRE. It has been suggested that high soil N availability leads to low NRE (Stachurski & 
Zimka, 1975; Reed et al., 2012). We also found that NRE in P. pinaster planted forest was 
lower in some species with respect to undisturbed forest. Killingbeck (1996) and Aubrey et al. 
(2012) suggested that the narrow site-adapted species are extremely N demanding and confi-
ned to sites with high N availability because of poor foliar resorption.
Foliar N/P ratio below 14 indicated N limitation and foliar N/P ratio below 12.5 indicated 
an optimal P nutrition (Aerts & Chapin, 2000; Finzi et al., 2004). Koerselman & Meuleman 
(1996) suggested that breakpoint of P-limitation was 16. Güsewell (2004) proposed a broader 
range for N- (< 10) and P-limitation (> 20). N- and P-limitation was changed due to species 
and leaf growth phases (green or senesced leaves) in studied species (Diehl et al., 2008). Du 
et al. (2011) suggested that the critical values of N/P ratio would vary extensively with plant 
species and vegetation stands. N-limitation was found in V. arctostaphyllos, P. tremula and s. 
torminalis, whereas P-limitation was found in Q. hartwissiana in P. pinaster planted forest. 
However, N-limitation was found in F. orientalis and V. arctostaphyllos, and P-limitation was 
found in P. tremula in undisturbed forest according to benchmark levels. 
Vergutz et al. (2012) stated that graminoids showed the highest mean C resorption 
(33.6 %) and conifers and evergreen woody angiosperms had the lowest, 18.9 % and 20.8 %, 
respectively. CRE varied between 24.7 and 52.8 in the present study and was higher than for 
evergreen woody angiosperms and graminoids. 
Killingbeck (1996) stated that resorption is highly proficient in plants that have reduced 
nitrogen and phosphorus during their senescent stages to concentrations below 50 µg cm-2 
and 3 µg cm-2, respectively. All of the species in both forests show complete N and P resorp-
tion according to threshold values defined by Killingbeck (1996). High resorption profi-
ciency implies low concentrations because a low N and P concentration in senesced leaves 
is the evidence of high proficiency, and vice versa (Yuan et al., 2005, Kilic et al., 2010). 
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Corte et al. (2009) stated that low RP indicates higher potential for conserving of a nutrient. 
V. arctostaphyllos had a higher potential for conserving N and P because it had the lowest 
mass- and area-based NRP and PRP in undisturbed forest. However, the lowest area-based 
NRP and PRP were found in F. orientalis in P. pinaster planted forest. The lowest mass-based NRP 
and PRP were found in V. arctostaphyllos and P. tremula in P. pinaster planted forest. This 
fact might indicate that RP is a phenotypic response that depends on tree nutritional status 
(Pugnaire & Chapin 1993; Blanco et al., 2009). Additionally, the type of unit (mass- or area-
based) is crucial for the explanation of RP.
An optimal C/N balance in plants seems necessary to sustain the CO2 utilization effi-
ciency at the ecosystem level. Both C and N are essential for various cellular functions, and 
therefore adequate supply of C and N are critical for plant growth, development and response 
to a wide array of stresses and ultimately for the completing of life cycle (Zheng, 2009). The 
overall elemental composition of plants in an ecosystem is simultaneously determined by the 
mix of species and by the physiological status of the dominants (Güsewell, 2004). C/N stoi-
chiometry in plant species indicates a broad consonance of ecophysiological processes, irres-
pective of species compositional shifts and climatic variations (He et al., 2012). It has been 
reported that green-leaf C/N ratio ranged from 18.1 to 51.7 for Neotropical rainforest species 
(Hättenschwiler et al., 2008). Chatain et al. (2009) found higher C/N ratio in senesced leaves 
of nothofagus species and reported that C/N ratio of senesced leaves ranged from 73 and 89. 
However, Pringle et al. (2011) found lower C/N ratios for some evergreen and deciduous trees 
in a seasonally dry tropical forest (ranged from 8.4 to 21.7). In the present study, C/N ratios 
of green and senesced leaves were higher in both forests and similar to those reported by Hät-
tenschwiler et al. (2008).
Resorption efficiency may be varied at an intraspecific level and this may indicate that 
the maximum level of nutrient resorption is seldom reached (Covelo et al., 2008). Millner 
& Kemp (2012) found that microsite had a relatively small effect on foliar nutrients. Howe-
ver, we found significant differences between undisturbed and P. pinaster planted forest with 
respect to N/P ratio and mass-based NRE. We also found that NRE values were higher in 
undisturbed forests than those of the P. pinaster planted forest. Zhu et al. (2006) and Tridiati 
et al. (2007) found that there was a better balanced nutrition status in the undisturbed forest 
than in the plantations. 
P. pinaster plantation caused a reduction in N/P ratio and NRE. In the present study mean 
number of trees/ha-1 and size of trees (dbh cm) were larger in undisturbed forest. In addition 
to this, the canopy is higher in the undisturbed forest and the stand basal area in the undistur-
bed forest is 3-fold larger than that in the P. pinaster planted forest. High canopy and large 
stand basal area may usually cause high nutrient demand (Donoso, 2005). As a result of this 
the nutrient demand of the undisturbed forest might be much higher than in P. pinaster plan-
ted forest. N and P availability in the soil of the undisturbed forest is insufficient, leading to 
a deficiency in both N and P. Consequently, high NRE and PRE were found in undisturbed 
forest. Regarding biomass, the differences between undisturbed and disturbed communities 
inherently operate at different foliar resorption efficiencies (O’Hara & Nagel, 2006). Nutrient 
requirements are species-specific and biomass production may include a compensatory mecha-
nism to deter nutrient imbalance (Henderson & Jose, 2012). Fife et al. (2008) conclude that the 
amount of nutrients retranslocated during any phase in the life of leaves is strongly dependent 
on the content present at the start of the resorption phase, and that this is a generic relationship 
applicable across species when grown in plantations. Blanco et al. (2009) found that some 
silvicultural practices (i.e. thinning) caused a reduction in nutrient concentrations. It has been 
found that pine plantation cause low soil nutrient concentrations (Berthrong et al., 2009). In 
the present study, there were significant differences between the two forests regarding soil N 
concentrations. As a result of these, resorption patterns (at least mass-based foliar NRE) may 
be affected by plantation and this should be taken into account in silvicultural practices and 
sustainable forest management.
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